Introduction and Objective: This study aimed to evaluate the correlation between conventional and digital radiographic methods in the measurement of periapical lesions in primary molars and compares the time used to obtain the radiographic images between both methods. Material and methods: This crossover study included children between 4 to 8-year-old with periapical lesion in primary mandibular molars. Fifteen molars were randomly assigned firstly to receive conventional or digital periapical radiograph during the steps of endodontic treatment. The time to obtain the radiographic image was evaluated in seconds and compared by the Mann-Whitney test. The periapical lesions measurement (mm
time to obtain the radiographic images was shorter in the digital method (p<0.0001). Conclusion: The digital method had a shorter amount of time to obtain the images and strong correlation for the lesions measurement in comparison to the conventional method. Therefore, the digital radiograph method is preferable for use in children.
Material and methods
The st udy wa s approved by t he Et h ics Committee of the School of Dentistry of Ribeirão Preto -University of São Paulo (Process no. 42438814. 4 .0000.5419).
The patients were recruited and assisted at the Pediatric Clinic -Department of Pediatric Dentistry, School of Dentistry of Ribeirão Preto -University of São Paulo. The sample size calculation was performed based on earlier data from the Pediatric Clinic. The β value adopted was of 20% and the α was 5%, showing a total of 15 teeth.
Therefore, in this crossover study, the sample consisted of 15 children with periapical lesions in mandibular primary first or second molars (n = 15 primary molars) aged 4 to 8 years-old (mean 6.2 years); ten males and five females. The inclusion criteria were: enough dental crown height for rubber dam isolation, absence of periodontal involvement, location in mandible, and without prior endodontic treatment. The guardians of the patients were informed about the goals of the study and the Informed Consent Term was obtained.
The teeth were numbered in even and odd by simple randomization. The conventional radiograph was obtained firstly on the odd numbered teeth and the digital radiograph was taken next. On the even numbered teeth, the order of the radiographic techniques was reversed, starting with the digital radiograph, followed by the conventional radiograph.
The endodontic treatment protocol for teeth with pulp necrosis and periapical lesions was performed in accordance with techniques already established by the Department of Pediatric Dentistry of Ribeirão Preto -University of São Paulo [12] . In
Introduction
The periapical lesion occurs in teeth with pulp necrosis as result of a chronic aggression because of microorganisms inside the root canals or to chemical/physical injuries [16] . Radiographically, the lesion appears as a circumscribed radiolucent image on the periapical or interradicular area [12] .
The correct diagnosis of periapical lesions by radiographs should be carefully done, once the diagnosis will define the treatment choice and prognosis. In addition, the radiographic examination is fundamental to assess the repair or the persistence of post-treatment periapical lesions [18, 22, 24] . The periapical radiograph is obtained from conventional radiographic films or via phosphorus plates and intraoral sensors. The conventional film was significantly less uncomfortable than five different types of digital intraoral sensors [17] . Therefore, this could be a factor that influences on the time to position the film or intraoral sensors in the oral cavity.
The literature lacks consensus on comparing the conventional and digital methods. Several authors find no statistical difference between the radiographic methods in the diagnosis of periapical lesions [3, 10] , external radicular resorption [20] , periodontal bone loss [2, 15] , root perforation [25] , and implant bone-interface [27] . On the other hand, other studies observe a difference in the detection of early periapical lesions, but no difference in the periapical lesions with greater dimensions [14] or that reached the cortical bone [23] , and in the detection of misfiting at the implant-abutment interface [6] .
Until now, in vitro studies showed no difference between the conventional and digital radiographic methods on the measurement of periapical lesions produced artificially [3, 10] . However, this model not faithfully reproduce the in vivo lesions, which are the result of a complex series of immunological, inflammatory, and infectious events with imprecise limits [26] . Therefore, this study aimed to evaluate the correlation between the conventional and digital radiographic methods in the measurement of periapical lesions in primary molars and to compare the time to obtain the radiographic images.
Ind. Panel Dental Ltd., Londrina, Brazil). This apparatus standardizes the radiograph in the presence of rubber dam isolation.
For the conventional technique, periapical Ultraspeed disc ® size 0 or 2 (Siemens, New York, USA) films were used, with 70 kV and 0.4 seconds of exposure. Brief ly, the films were manually processed with a standardized processing time by the time-temperature method. For radiographic quantitative evaluation of periapical lesions, all conventional images were obtained with a Canon EOS 3Ti camera (Canon of Brazil Leimer, São Paulo, SP, Brazil), coupled to a wall-stand.
For the digital technique, it was used the Digora phosphorus plate (Soredex-Finndent, Orion Corporation, Helsinki, Finland), size 0 or 2, with 70 kV and 0.125 seconds of exposure. Then, the images were scanned by the VitaScan system (Dürr Dental of Brazil, Porto Alegre, RS, Brazil) with aid of the DBSWIN software.
Then, conventional and digital images were analyzed in the Image J 1.28 software (National Same patterns of Health, Bethesda, USA). Previously, the software was calibrated to compensate possible distortions by the mesio-distal measurement of the crown of each tooth evaluated with a drypoint compass. The radiolucent area corresponding to the periapical lesion was determined in mm 2 (figure 1). The evaluation was performed by a single investigator (intra-examiner Kappa = 0.96). 
Measurement of time to obtain radiographic image
The time to obtain the radiographic image was defined as the time used to take the radiograph and to process it, in seconds. This time was measured by one calibrated investigator, from the placing of the apparatus in the oral cavity to the triggering of the x-ray (radiographic taken time), in both techniques. The processing time corresponds to the time of each technique for revelation and obtaining of the image for analysis.
Statistical analysis
All data were submitted to statistical analysis by Graph Pad Prism 5.0 software (Graph Pad Software Inc., San Diego, CA, USA).
Comparisons between the techniques, regarding the measurement of the periapical lesions (mm 2 ) and the time to obtain radiographic image (seconds), were performed by the Mann-Whitney test. The level of significance adopted for all analyzes was 5%.
The Spearman test was used to evaluate the degree of correlation of the measurements of the periapical lesions, between both techniques, in all teeth. The strength of correlation was defined according to the value of the "Coefficient of Correlation (r 
Discussion
The results of this study proved that there was a strong positive correlation of lesion measurements between conventional and digital methods. These in vivo findings corroborate with other in vitro studies that also demonstrated no statistically significant difference between both radiographic methods in the detection of artificial lesions [3, 10] .
The radiographic technique is very used to assess the repair or the persistence of the posttreatment periapical lesion [18, 22, 24] . Our results demonstrated that the two radiographic methods can be used in primary molars and may be alternated during different phases of the treatment.
However, the limitation of this clinical study is that it was not possible to figure out the real measurement of the periapical lesions. Thus, we cannot affirm whether some of the techniques underestimated or overestimated the measurements. On the other hand, in an animal model study previously conducted by our research group, it was observed that the conventional radiograph underestimated the size of post-treatment periapical lesions, in comparison to histological slices [8] .
In addition, it is known that radiograph is a two-dimension method, which can be a limitation when evaluating the tooth and adjacent structures [1] . However, three-dimensional technique options such as computed tomography, for example, are not viable during the routine dental treatment, once the patient is exposed to large amounts of ionizing radiation, which are highly related to mutations in the DNA increasing the risk of cancer [7, 19] .
The digital method took half of the time amount of that of conventional method. Still, the digital method has other advantages such as: the elimination of the chemical developing process, the immediate availability of the image, the image enhancement function (mostly changes of density and contrast), the small storage space needed, the use in teleradiology, the availability in multiple reprints, and the lower contamination of the environment [11, 13, 21, 28] .
Specifically regards to child, the main advantage of using digital radiographic systems can be attributed to low exposure of patients to radiation [4, 9] , since children are especially susceptible to radiation, present increased radiosensitivity, and have more number of years to be lived [5] .
Therefore, although the techniques have been equivalent in relation to the measurement of periapical lesions, the digital method was faster to obtain the radiographic image than the conventional method. In this sense, the use of digital method improves the monitoring of the periapical lesion regression in primary molars.
Conclusion
The digital method had a shorter time amount to obtain the images and strong correlation between the lesion measurements than the conventional method, and therefore, the digital radiograph method is preferable for using in children.
